ABSTRACT: The present study examined the effect of pore size on the high-temperature oxidation properties of Ni-Cr-Al based powder porous metals (pore sizes: 480㎛ and 1200㎛). The porous metals consisted of γ-Ni, γ'-Ni 3 Al, and β-NiAl phases. TGA experiments were conducted for 24 hours under temperature conditions of 900, 1000, and 1100℃ in a 79% N 2 + 21% O 2 gas atmosphere. Oxide weight gain increased as temperatures increased. As pore sizes increased, more-excellent oxidation resistance was confirmed. After the high-temperature oxidation experiments, microstructures analysis showed that α-Al 2 O 3 was a primary oxide and that Cr 2 O 3 and NiCr 2 O 4 were also formed.
INTRODUCTION
Porous materials have characteristics such as larger surface areas, ultralight weight, higher energy-absorbing capacities, more-excellent thermal and electric conductivity, and more-excellent air permeability, compared to existing bulk materials. Therefore, they are diversely used in the form of filters, catalyst carriers, and fuel cell electrodes.
Among porous materials, the powder porous metals that have been developed recently are opencell type metal porous materials made by applying alloy powder to base foams of pure metals, which have an advantage in that alloy foams in diverse compositions can be made. In addition, the shapes, sizes, and distributions of pores in powder porous metals can be easily and evenly controlled, and very large surface areas can be provided by the applied powder to reduce sooty smoke and enhance catalyst efficiency. Furthermore, unlike ceramic honeycombs that cannot be used in complicated components, powder porous metals can provide flexibility to component shape control (by enabling additional processing).
The authors applied Ni-Cr-Al alloys, known to have excellent high-temperature durability, to powder porous metals. Ni-Cr-Al based alloys have excellent creep, heat, oxidation, and corrosion resistances and high-temperature tensile properties and are thus widely used as materials for high temperatures. Among alloy elements, Al and Cr continuously form Al 2 O 3 or Cr 2 O 3 ox-ide layers on surfaces through selective oxidation with an oxygen affinity higher than base metals. Al 2 O 3 oxide layers are known to induce excellent oxidation resistance properties by serving the role of protective films against oxidation in high-temperature oxidation atmospheres because they are thermodynamically stable and have relatively lower metal or oxygen ion diffusion coefficients than base metals.
Recently, the authors examined the high-temperature oxidation properties of Ni-Cr-Fe-Al powder porous metals and reported that porous metals showed remarkably lower oxidation resistance compared to bulk materials in high-temperature environments because of their large surface areas. However, studies of powder porous metals with other alloy compositions are quite insufficient, and in particular, no study has presented high-temperature oxidation properties according to the pore sizes of powder porous metals with Ni-Cr-Al based compositions.
The present study examined the effect of pore size on the high-temperature oxidation properties of Ni-Cr-Al powder porous metal manufactured through new powder processes. In addition, the high-temperature oxidation mechanism of Ni-Cr-Al based powder porous metals was also discussed.
EXPERIMENTAL
The present study was conducted using a powder porous material with the composition of Ni-17.5%Cr-7.7%Al (wt.%) having 480µm-sized pores (hereinafter referred to as 480 foam) and a powder porous material with the composition of Ni-19.8%Cr-7.8%Al (wt.%) having 1200µm-sized pores (hereinafter referred to as 1200 foam). First, pure Ni foam was formed on polyurethane foam through physical vapor deposition (PVD) and electroplating processes. Thereafter, a binder was applied to the pure Ni foam, Ni-Cr-Al alloy powder was absorbed by the pure Ni foam, and sintering and degreasing processes were undergone to manufacture the materials.
For the high-temperature oxidation experiments, thermo-gravimetric analysis (TGA) was conducted using a Rigaku TG-1280. In a 79% N 2 + 21%O 2 gas atmosphere, 24-hour isothermal oxidation experiments were conducted at three temperatures of 900℃, 1000℃, and 1100℃ while making the gas flow at an inflow rate of 100mL/min and raising the temperature at 10℃/min.
Scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDS), electron probe micro analyzer (EPMA), and X-ray diffraction analysis (XRD) were used to observe the microstructures of specimens before and after the oxidation experiments and analyze oxides formed through the experiments. Thereafter, the kinds of oxides formed by oxidation temperature and by time were examined to investigate high-temperature oxidation mechanisms.
RESULTS AND DISCUSSION
Macro photos of the powder porous material used in the present study are presented in Figure 1 . Micro-CT was used to measure the accurate porosity and surface areas of the powder porous materials, and the results are shown in Table 1 . When the porosity of the 480 foam and that of the 1200 foam were compared to each other, the porosity of the 480 foam was shown to be a little higher than that of the 1200 foam. In addition, the surface area of the 480 foam was measured to be 1.2 times larger than that of the 1200 foam. The results of EPMA analyses of elements Ni, Cr, Al, and O in specimens subjected to oxidation experiments at 1000°C are shown in Figure 5 . In both of the materials, α-Al 2 O 3 formed as major oxide layers and Cr, Ni based oxides were also observed. These results coincide well with the abovementioned XRD results. Whereas the oxide layers in the 1200 foam were shown to be even, those in the 480 foam were formed thick and irregular.
Choi et al. reported that porous materials with smaller pores showed higher oxidation rates because their surface areas were larger, and thus their areas to react with oxygen were larger. The present study also confirmed that the surface area of the porous material with smaller pores was shown to be larger, so that oxidation resistance was degraded. In addition to pore sizes, oxidation temperatures, differences in compositions, and even distributions of elements were shown to affect the oxidation properties of Ni-Cr-Al powder porous metals. 
SUMMARY
The present study examined Ni-Cr-Al powder porous materials' high-temperature oxidation behaviors according to pore sizes and drew the following conclusions.
1. Both the 480 foam and 1200 foam consisted of γ-Ni / γ'-Ni 3 Al and β-NiAl. Ni, Cr, Al, and O element distributions were shown to be evener in the 1200 foam than in the 480 foam.
2. Isothermal oxidation experiments were conducted for 24 hours at 900°C, 1000°C, and 1100 and the results showed that as temperatures increased, oxide weights increased,
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showing parabolic oxidation behaviors. At all temperatures, the oxide weight gain values of the 480 foam were shown to be larger than those of the 1200 foam, and the differences became larger as temperatures increased.
3. Microstructures were analyzed after the high-temperature oxidation experiments and according to the results, α-Al 2 O 3 was shown to be a major oxide, and Cr 2 O 3 and NiCr 2 O 4 were also formed. The oxide layers of the 480 foam with smaller pores were formed thicker and more irregular than those of the 1200 foam. This is considered to be attributable to the fact that the area of contact with oxygen was larger in the 480 foam with larger surface areas in oxidation atmospheres.
